Plume development in Long Island Sound observed by remote sensing (ERTS-1) by Ruggles, F. H., Jr.
Paper M 6 
PLUME DEVELOPMENT IN LONG ISLAND SOUND OBSERVED BY REMOTE 
Frederick H. Ruggles, Jr,, U, S, Geological Survey, WRD, Hartford, Connecticut 
SENSING (ERTS-1) 
ABS TRACT 
A s  t h e  C o n n e c t i c u t  R i v e r  f lows i n t o  Long I s l a n d  Sound,  
l a r g e  plumes a r e  d e v e l o p e d  d u r i n g  t h e  m i x i n g  of  o c s a n  and 
e s t u a r i n e  wa te r s ,  Plumes were  d e l i n e a t e d  f o r  J u l y  2 8 ,  
O c t o b e r  8 ,  O c t o b e r  2 7 ,  and  December 2 ,  1 9 7 2 ,  by a n a l y z i n g  
ERTS-1 imagery  w i t h  t h e  SRI E l e c t r o n i c  S a t e l l i t e  Image 
A n a l y s i s  C o n s o l e  { E S I A C ) .  I n s e r t i o n  o f  MSS band 5 i n t o  
t h e  E S I A C  p r o d u c s d  t h e  b e s t  r e s u l t  i n  t h i a  a n a l y s i r .  The 
four p lumes  t h a t  h a v e  b e e n  d e l i n e a t e d  p r o v i d e  t h o  f i r s t  
i n p u t ,  t o  a t i m e - l a p s e  a n a l y s i s  of c i r c u l a t i o n  p a t t e r n s  a t  
t h e  e a s t e r n  end  o f  Long I s l a n d  Sound. 
I N T R O D U C T I O N  
All p l a n s  f o r  water  and  l a n d  r e s o u r c e s  management i n  
C o n n e c t i c u t  m u s t  c o n s i d e r  t h e  u l t i m a t e  e f f e c t  o f  t h e s e  p l a n s  
on t h e  e s t u a r i n e ,  c o a s t a l ,  a n d  o c e a n  e n v i r o n m e n t  of Long 
I s l a n d  Sound. One s u c h  p l a n  “ t o  p r e s e r v e  and  e n h a n c e  Long 
I s l a n d  S o u n d ” - - i s  u n d e r  p r e p a r a t i o n  by N e w  Eng land  R i v e r  
B a s i n s  Commission.  B a s i c  t o  deve lopmen t  of t h i s  p l a n  is a n  
u n d e r s t a n d i n g  o f  t h e  h y d r o l o g y  o f  Long I s l a n d  Sound a r e a .  
(See f i g ,  1.) 
The n o n - t i d a l  s y s t e m  of water  movement i n  t h e  s t u d y  
a rea  i s  f a i r l y  wel l  u n d e r s t o o d  and documentedr  however ,  t h e  
movement o f  e s t u a r i n e  and  o c e a n  w a t e r  i s  n o t  a s  w e l l  
documented  o r  u n d e r e t o o d .  T h i s  d e f i c i e n c y ,  combined w i t h  
t h e  r e l a t i v e l y  s h o r t  s t u d y  t ime a v a i l a b l e ,  d i c t a t e d  t h a t  
new a p p r o a c h e s  be t r i e d  t o  a c h i e v e  t h e  knowledge n e c e s s a r y  
f o r  p r o p e r  p l a n n i n g .  T h i s  r e p o r t  s u g g e s t s  a new t e c h n o l o g y ,  
remote s e n s i n g ,  t o  achieve an  u n d e r s t a n d i n g  of o c e a n  
dynami CB . 
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E s t u a r i e s  t h a t  emycy i n t o  Long I s l a n d  Sound c a r r y  a 
r e l a t i v e l y  l a r g e  volume o f  m a t e r i a l  i n  s u s p e n s i o n  t h a t  i s  
u l t i m a t e l y  d i s c h a r g e d  i n t o  t h e  o c e a n  e n v i r o n m e n t .  L a r g e  
p lumes  a r e  formed as  t h i s  s u s p e n d e d  m a t e r i a l  m i x e s  w i t h  
t h e  o c e a n :  t h i s  f o r m a t i o n  i s  a f u n c t i o n  o f  t h e  h y d r o -  
dynamic  c o n d i t i o n s  e n c o u n t e r e d .  I n  a n  e f f o r t  t o  u n d e r s t a n d  
t h i s  phenomenon,  d e l i n e a t i o n  o f  t h e  p lumes  by  a n a l y s i s  o f  
ERTS i m a g e r y  i s  i n  p r o g r e s s ,  and  t h e  d e l i n e a t i o n s  w i l l  be 
d i s p l a y e d  u l t i m a t e l y  i n  t i m e - l a p s e  fo rm f o r  f u r t h e r  a n a l y s i s .  
F o r  t h i s  r e p o r t ,  o n l y  t h o s e  p lumes  e m a n a t i n g  f r o m  t h e  
C o n n e c t i c u t  R i v e r  a r e  d i s c u s s e d .  
IMAGERY DATA SELECTED 
The t i m e  p e r i o d  c o v e r e d  by t h i s  r e p o r t  i s  f rom J u l y  23, 
1972, t o  December 2, 1972, and e i g h t  ( 8 1 - p o t e n t i a l  s c e n e s  
a re  a v a i l a b l e  f o r  a n a l y s i s .  The s t u d y  p r o c e d u r e  w a s  t o  
v i s u a l l y  r e v i e w  t h e  d a t a  i n  H a r t f o r d ,  C o n n e c t i c u t ,  and t h e n  
s u b j e c t  t h e  s c e n e s  t o  c l o s e  s c r u t i n y  u s i n g  t h e  S t a n f o r d  
R e s e a r c h  I n s t i t u t e  ( S R I )  , E l e c t r o n i c  S a t e l l i t e  Image 
A n a l y s e s  C o n s o l e ,  ( E S I A C ) ,  which  i s  d e s c r i b e d  i n  a r e p o r t  
by  E v a n s .  O f  t h e  8 s c e n e s  examined  v i s u a l l y ,  o n l y  t h e  
s c e n e s  t a k e n  on  J u l y  28, O c t o b e r  8, O c t o b e r  27, and 
December 2, 1972, a p p e a r  t o  be s u i t a b l e  f o r  E S I A C  a n a l y s i s .  
E S I A C  ANALYSIS 
I n p u t  t o  t h e  E S I A C  was i n  t h e  fo rm of 7 0  mm t r a n s -  
p a r e n c i e s  o f  MSS b a n d s  4 ,  5 ,  6 ,  and 7. F i l m  p o s i t i v e s  were 
i n s e r t e d  i n t o  t h e  c o n s o l e  a n d  f a i r l y  good r e s u l t s  were  
o b t a i n e d  f o r  J u l y  28 and O c t o b e r  27. By u t i l i z i n g  f i l m  
n e g a t i v e s  and compar ing  w i t h  t h e  f i l m  p o s i t i v e s ,  and a 
c o l o r  e n h a n c e d  d i s p l a y ,  i t  was p o s s i b l e  t o  o b t a i n  f a i r  
r e s u l t s  f o r  O c t o b e r  8 and December 2. The f o u r  s c e n e s  
were a n a l y z e d  and  y i e l d  plume d e l i n e a t i o n s  t h a t  a r e  com- 
p a t i b l e  t o  hydrodynamic  c o n d i t i o n s  t h a t  p r e v a i l e d  a t  i h e  
t i m e  o f  s c a n n i n g .  F i g u r e s  2a ,  2 b ,  2 c ,  and 2d a r e  t h e  p lumes  
a s  t r aced  f rom t h e  imagery  a n a l y s i s .  
F i g u r e  2 a  i s  a t r a c i n g  of t h e  p lume o n  J u l y  28, 1972. 
T h i s  plume was d e l i n e a t e d  u s i n g  a f i l m  p o s i t i v e  of  band  5 
made by S R I  f r o k  a NASA f u r n i s h e d  n e g a t i v e .  I n  t h i s  
i n s t a n c e ,  s t e p  1 o f  t h e  g r a y  s c a l e  w a s  expanded  t o  p e n e t r a t e  
t h r o u g h  t h e  h a z e  and  f o g .  
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F i g u r e  2b  i s  a t r c c i n g  of t h e  p l u m e  o n  Oc tobe r  8 ,  
1 9 7 2 .  T h i s  p l u m e  w a s  d e l i n e a t e d  u s i n g  b a n d  5 t r a n s -  
p a r e n c i e s  f u r n i s h e d  b y  N A S A ,  a n d  a c o l o r  e n h a n c e d  d i s p l a y  
of t h e  b a n d  5 t r a n s p a r e n c i e s .  
F i g u r e  2 c  i s  a t r a c i n g  o f  t h e  p l u m e  o n  O c t o b e r  2 7 ,  
1 9 7 2 .  T h i s  p l u m e  w a s  d e l i n e a t e d  u s i n g  b a n d s  5 a n d  6 
p o s i t i v e  a n d  n e g a t i v e  t r a n s p a r e n c i e s  f u r n i s h e d  b y  NASA. 
F i g u r e  2d i s  a t r a c i n g  o f  t h e  p l u m e  o n  December 2 ,  
1 9 7 2 .  T h i s  p l u m e  w a s  d e l i n e a t e d  f r o m  a b a n d  5 p o s i t i v e  
t r a n s p a r e n c y  f u r n i s h e d  b y  N A S A ,  a n d  a c o l o r  e n h a n c e d  
d i s p l a y .  T h i s  p l u m e  d e l i n e a t i o n  may be s u s p e c t  b e c a u s e  
b a n d  5 n e g a t i v e  a n d  b a n d  4 were  n o t  a v a i l a b l e  a t  t h e  t i m e  
of a n a l y s i s .  I n  t h i s  case t h e  c o l o r  e n h a n c e m e n t  w a s  t h e  
k e y  t o  d e l i n e a t i o n  of t h e  p l u m e .  
SUMMARY 
P l u m e s  t h a t  h a v e  t h e i r  o r i g i n  i n  a f r e s h - w a t e r  
e s t u a r i n e  r i v e r  s y s t e m  were i d e n t i f i e d  i n  t h e  o c e a n  
e n v i r o n m e n t  of Long I s l a n d  Sound b y  u s i n g  ERTS m u l t i -  
s p e c t r a l  s c a n n i n g  d a t a .  I t  i s  n o t  a l w a y s  p o s s i b l e  t o  
d e l i n e a t e  t h e s e  p l u m e s  u s i n g  s i m p l e  l a n t e r n  t y p e  pro-  
j e c t i o n  e q u i p m e n t ,  b e c a u s e  t h e  c h e m i c a l  a n d  p h y s i c a l  
c o m p o s i t i o n  o f  t h e  p l u m e  a n d  o c e a n  w a t e r  a r e  some ' t imes  
v e r y  s i m i l a r .  I n  t h i s  a n a l y s i s ,  t h e  E S I A C  was u t i l i z e d  
t o  e x p a n d  t h e  s c e n e s  a n d  s u b j e c t  t h e  t r a n s p a r e n c i e s  t o  
v a r y i n g  c o m b i n a t i o n s  of v i e w i n g  t e c h n i q u e s  t o  i d e n t i f y  and  
d e l i n e a t e  t h e  p l u m e s .  B e s t  r e s u l t s  w e r e  o b t a i n e d  when 
u s i n g  b a n d  5 t r a n s p a r e n c i e s .  I n d i c a t i o n s  a r e  t h a t  when 
t h e  s c e n e  b e i n g  a n a l y z e d  i s  p r e d o m i n a n t l y  i n  t h e  f i r s t  t w o  
s t e p s  of t h e  g r a y  s c a l e  i t  i s  b e s t  t o  u s e  t h e  n e g a t i v e  
t r a n s p a r e n c i e s .  When t h e  a n a l y s i s  i s  b e i n g  d o n e  a b o v e  t h e  
f i r s t  t w o  s t e p s  o f  t h e  g r a y  s c a l e ,  i t  i s  b e s t  t o  u s e  t h e  
p o s i t i v e  t r a n s p a r e n c i e s .  
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